more stimulating forms, such as the induction coil currents and the sinusoidal current from the main, or from a machine made for this purpose where the alternating current is not available. In many of these cases the moral effect is one of some importance, and for this reason good results are sometimes obtained from static electricity or high frequency currents, which may be more or less locally applied.
The constant current alone I do not consider to be of much good, but in conjunction with the coil-the de Watteville current, as it is sometimes called-it seems to be a very useful method, and one that has achieved good results in the hands of some workers (Mangelsdorf, Archives of Rontgen Ray, April, 1907) .
Mangelsdorf also claims to have obtained good results in the more severe cases of true atony of the muscular coat, but my experience does not bear this out. Provided one can remove any mental or psychological element that may be present in cases of this class the treatment becomes a comparatively simple matter, and one or other of the electrical methods mentioned will nearly always bring about a cure.
When we come to deal with cases of the second class we are brought up against an entirely different problem, and one that will tax our resources to the utmost-as, indeed, it probably has that of the medical man who refers the case to us. Here we have to deal with an organ whose muscular coat has undergone atonic changes, perhaps to an extent almost amounting to degeneration. Regulation of diet has little effect, and drugs afford but temporary relief. Massage will have been tried with but slight success for reasons which are more or less obvious.
At the -same time I do not mean to say that these methods are by any means useless, but rather that we should use electricity as an additional agent in many cases and, as I have already said, only reduce the amount of drugs as the case shows signs of undoubted improvement.
In my opinion the person who sets out to treat a severe case of this kind with electricity only will most likely be disappointed, chiefly on account of the slowness with which the improvement is brought about. From the very nature of the disease, it is unreasonable to expect that any remedy can bring about a rapid cure.
Having a case of this kind to treat, the question arises: What are we going to do for it in the way of electrical applications ? Every form of this agent has been tried at one time or another, and so long as this was confined to the more ordinary forms, such as constant and faradic currents, no very great success was attained-so little, indeed, that until quite recently most writers on gastro-intestinal disorders have ignored electricity when discussing modes of treatment. That this should be so is not surprising. It is difficult to see how the use of the constant current could do very much; it is insufficiently stimulating, and its application in sufficiently large currents to materially influence the muscular coat of the digestive organs is attended by the risk of severe burns, due to the deposition of electrolytic products in the skin.
Then take the induction coil currents-primary or secondary-as ordinarily used; I consider the rate of interruption much too fast to benefit the muscular tissue directly.
In the case of degeneration in a voluntary muscle, as is well known, no reaction takes place when an ordinary faradic current is applied unless the interrupter is set to work very slowly; the muscle can also be made to contract rhythmically to the constant current if it be made and broken equally slowly. The greater the degree of degeneration the less frequent must be the interruptions if the muscle is to respond to each.
In unstriped muscle we have normally, to electrical impulses, a prolonged latent period and a prolonged period of contraction. In a state of' atony these are increased and the condition, in my opinion, comes to resemble somewhat that of a voluntary muscle in a state of degeneration. Hence I consider ordinary faradic current to be unsuitable both from the rapidity of its interruptions and the small density of current that could be obtained, or used if obtainable. We must not forget that we can reach the intestinal muscle only through the more superficial voluntary muscles of the abdominal walls, which are necessarily thrown into contraction, and this latter becomes unbearable to the patient if the' current1 density is at all high. The same objections apply to the sinusoidal current at the frequencies ordinarily supplied, from 40 to 100 cycles per second. While it is possi'ble to set the interrupter of an induction coil to work very slowly, even then only a comparatively small current density can be employed owing to the painful nature of the contractions produced when this is large. This is, of course, mainly due to the inherent qualities of the current itself, notably to the very sudden rise of potential at each break of the primary circuit.
From what has been said it will be seen that what we require is a, current of large magnitude, in view of the large mass of the abdominal contents to be treated, and one that will vary this magnitude sufficiently rapidly'to cause the muscular coat of the intestine to contract and yet. slowly enough to allow a contraction to be completed and relaxed before another-is induced. It must also be practically free from the deposition of electrolytic products in the skin to any possibly harmful degree-My-5A These conditions are met very completely by a sinusoidal current of very low frequency.
In a paper on this subject which it was my privilege to read before the Electro-Therapeutical Section of the annual meeting of the British Medical Association at Exeter last July, I then referred -to what I called, for the want of a better term, the " periodic--time" of a muscle, and by this I mean the length of time taken by any given muscle in passing through the various phases which follow the application of an electrical impulse. These phases are: (a) the latent period; (b) the period of contraction; (c) the period of relaxation; the sum of the three constituting what I have termed the "periodic time" of the muscle. I feel sure that this is a matter that will become increasingly important in the future, both as regards diagnosis and treatment. Its practical application here lies in the fact that it gives us a clue as to the proper frequency to be employed in any given case. The time interval between the cycles of the current should not exceed the " periodic time" of the muscle. While it is not possible to determine the " periodic time " of the muscular coat of our patient's intestine by actual experiment it is found, as a matter of practical experience with degeneration in a superficial voluntary muscle, that it is only in the more severe cases that the muscle makes no attempt to keep time with a current having a frequency of one cycle per second, and this frequency, I may say, is very suitable for the great majority of cases. I have been frequently asked if a threephase current is necessary or has any advantages over a single-phase current. So long as the frequency is sufficiently low it matters little which is used. The method of application is practically the same for all cases. I use three electrodes: one on each side of the lumbar spine and the third on the anterior abdominal wall if the epigastrium of the stomach is the part chiefly at fault, or over the course of the colon if the case is one of constipation, commencing at the cacum and working gradually around in the direction of the hands of a clock. If the rectum is at fault a rectal electrode must be used, but not a bare metal one-it must be covered with membrane and water-jacketed, so to speak. A certain amount of electrolytic products are set free owing to the rapid diffusion of the current, and these become objectionable when bare metal is placed in contact with living tissues. If a single-phase current is being used the two posterior electrodes are joined to the same terminal. With a threephase current the three electrodes are attached one to each of the three terminals of the apparatus. The duration ofthe applications is at first from ten to fifteen minutes, and the current strength just enough to cause gentle contraction of the abdominal muscles.
The letigth of the application and the -strength-of-the current are both increased on subsequent occasions, so that by the fourth or fifth the duration is thirty minutes and the current strength sufficient to cause strong contractions of the muscles of the anterior abdominal wall. This must be continued three times a week for a month or six weeks, or more. I will not take up your time by relating the details of the several cases I have treated. There is a great sameness among them all, and I can only say that in all those where the treatment has been regularly attended to for a sufficient time great improvement has taken place in the general health and in the local condition, so much so that the patients have in most cases voluntarilv assured me that it had been well worth the time and trouble entailed.
The great difficulty is to get the patients to come regularly for a sufficiently long time. Very often they are only too ready to throw it up for some trivial excuse. This and the length of time required are the chief drawbacks to the method. But as regards time I ask: What other method gives better results ?
Before closing I should like to say something about the best means of generating the current I am advocating. Personally I use a large motor dynamo which has collecting rings connected to the commutator on the motor side and allows one to take off a three-phase alternating current, and the armature is made to revolve slowly by means of a resistance in series, the field magnets being maintained at full magnetism.
A large machine is preferable to a small one, however the latter may be arranged. The larger one is not so easily disturbed by small fluctuations in the current supplied to, or taken from, its armature, while its weight, bearings and friction of brushes provide a light but steady mechanical load, which is a great advantage.
Machines of small size, and made to run slowly by means of a friction brake, have been in use but have not proved satisfactory in practice owing to their tendency to rotate unevenly. Mr. Schall has got out a motor of comparatively small size, arranged with collecting rings, and supplying the primaries of three sledge coils. The patient is put in circuit with the secondaries of these sledge coils.
With my large machine I use the same metbod of regulation, as it seems to be the best; the regulation is very fine and the patient is effectually cut off from the main current, so that there is no danger of his getting shocks through touching anything con.nected to earth.
While this paper has for its main object the treatment of atonic conditions of the digestive system I would like to point out, before I finish, that this slow sinusoidal current will be found invaluable in the treatment of every condition where atony or degeneration of muscular tissue is the chief factor. Furthermore, having at hand an alternating or pulsating current of a frequency which is variable from one cycle in two seconds to, say, ten per second, and a means of ascertaining the frequency at any given moment, I foresee a method of expressing the degrees of degeneration in nmuscular tissue in a numerical form, and, according to the highest number of impulses per second or per minute to which the muscle will rhythmically respond, we shall be able to obtain a better idea of the degree of degeneration existing in different cases and of the progress of any given case. I hope to have something to say on this point at a future date.
DISCUSSION.
The PRESIDENT (Mr. Deane Butcher) expressed the thanks of the Section for Dr. Morton's interesting communication, which had been prepared at some disadvantage and at short notice. The modes of electrical treatment he regarded as threefold: first the gymnastic exercise of the abdominal muscles, next a sort of electrical massage, thirdly, galvanization, which was an important means of influencing the nutrition of the digestive organs. He had seen cases in which galvanization alone had been of great assistance. The de Watteville currents were occasionally of much benefit, and appeared to act on the nervous rather than on the muscular mechanism. The galvanic current was indicated in disorders of digestion, the de Watteville current for nervous disorders, such as palpitation of the heart, and the triphasic current or some form of slow intermittency for the necessary massage and exercise of the muscles of the abdominal wall, which were generally in a very relaxed condition. Another point was the production of local hyperamia, which was of great importance in such cases. It was probable that the constant current might act in this way, like a hot fomentation or mustard plaster. He had been pleased to hear Dr. Morton allude to the question of the periodic time, as it was one which would well repay study. Leduc had shown that the production of electrical sleep was due to the synchronizing of the electric oscillation with the natural periodic time of the animal's nervous system. The stimulation, the soothing, or the inhibition of the neurons depended on the periodicity of the electrical stimulus.
Dr. LEWIS JONES said it appeared probable that the simple galvanic and faradic currents were likely to be displaced in treatment by the use of rhythmic currents of one kind or another. He appreciated Dr. Morton's paper as a step in the right direction. No doubt there were several forms of current which might be employed in the treatment of conditions for which simple galvanization or faradization were more or less unsatisfactory. There were the long waves of simple sinusoidal type, which Dr. Morton had particularly dealt with in his paper, and which appeared specially useful for stimulating such structures as unstriped muscles or striped muscle in a state of degeneration. Another form of rhythmic current treatment was to use, not single waves, but groups of short waves, commencing with very small impulses, growing into large ones, and then dying awav again, followed by a period of rest, and then to repeat the cycle. That form of current was rather more easy to produce if one had at hand the ordinary sinusoidal current of the alternating current electric lighting mains, or it could be obtained from a small motor generator. An apparatus was in use at St. Bartholomew's Hospital which some of the members present might have seen, namely, a mechanical motor-driven device in which a secondary coil was caused to move to and fro over a primary, which was supplied by current from an alternating source. Another device which he had had in use for a long time consisted of a little clockwork arrangement, which was used as follows: The clockwork moved an arm up and down, and that arm carried a wire, which dipped into a beaker of water, at the bottom of which a metal plate was fitted. In order to produce a better graduation of current between the zero and the maximum, it was found very convenient to have an inverted glass funnel standing in the water. Under those conditions the wire, in its excursion downwards, not only approached the other plate so as to reduce the length of the electrolyte through which the current had to flow, but also passed from a narrow channel of electrolyte in the narrow neck of the funnel into a progressively larger area as it descended, so that the variation in the resistance of the electrolytic part of the circuit was considerably greater than would have been the case without the funnel. That was an apparatus which could easily be made with the aid of a piece of cheap clockwork, and the results to be obtained by it were quite satisfactory. The whole subject of interrupted currents was in need of re-examination from beginning to end. He was sure that the interrupted currents generally used had too high a periodicity, mainly, he thought, because the induction coil was the usual source, and it was an apparatus which generally gave currents of rapid frequency. But for almost all treatment he was sure that waves of current which were shorter than those of the induction coil would be better.
Dr. BUCKLEY (Buxton) said he had been very much interested in the treatment of atonic conditions of the gastro-intestinal system for many years, but, as he practised in a health resort, the number of patients who had come his way, and were willing to spend any length of time on the treatment, had been small, and it was out of the question for him to obtain such apparatus as had been described. Galvanism, as the President had mentioned, was perhaps not to be entirely overshadowed by sinusoidal currents. But the kind of galvanization which he (Dr. Buckley) had used had been the galvanic current interrupted by hand, at a frequency averaging from 10 to 20 per minute, and he believed he had obtained good results, though it was always possible to deceive one's self. A large number of his cases were those in which neurosis was a well-marked feature, but in many there seemed to be genuine muscular atony also; indeed, many cases of muscular atony, he believed, started as neurosis. There was a broad group of cases of dilated colon, perhaps dilated rectum, generally constipation, or marked mucous colitis, to which he had been applying the constant current by inserting a douche electrode into the rectum. From the difficulty he had in obtaining such an electrode, he assumed that the method was not common. It was a gum-elastic vaginal douche pipe, in the interior of which ran a coiled wire, the pipe being perforated at various parts to allow of the escape of the electricity. A pint or more of normal saline solution was put into the rectum, and, the douche being cut off, the current was turned on. In that way there was a large water electrode in the rectum, and higher currents could be used than without it, for though he had seen ulcers produced on the abdominal wall they never occurred in the rectum. In a large majority of the cases much improvement resulted from this method of galvanization. He was led to adopt the method because he was sceptical of being able to get sufficient current through the abdominal muscles by ordinary methods. He mentioned the matter so that he might hear Dr. Morton's criticisms on it for his own guidance.
Dr. DAVID ARTHUR said that for inany years he lhad treated chronic constipation and atony of the digestive tract by interrupted galvanism sometimes interrupted by the hand and sometimes by an instrument such as Dr. Lewis Jones described some time ago. Breaking by the hand, with an electrode such as Dr. Buckley used, did tolerably well. Dr. Morton had dealt so fully with the treatment that in order to extend the discussion it would be necessary to embark on pathology. The atony caused by chronic constipation did very well when treated electrically. He had examined large numbers of school children, and found that the digestive troubles often started in quite early life. During playtime it was not uncommon for bigger children to pull smaller ones off the convenience and sit there themselves a long time reading, so that many children returned into school without having been able to obey the calls of Nature, and this, he believed, caused the commencement of digestive trouble. Similar conditions often obtained in millinery and other establislments, wlhere work was carried on under such strict supervision and at such a rush that the calls of Nature were largely neglected. For the conditions under discussion he had not used faradism muclh, it was generally galvanism.
Mr. BOKENHAM said that witlh regard to the treatment of atonic conditions, especially constipation due to atony of the colon, hie had long held the view, just expressed by Dr. Artlhur, that the condition in many instances arose in early life, and that if proper lhabits of regularity were more generally insisted upon in thie nursery, there would be far fewer sufferers from chronic constipation in later life. When consulted by a patient suffering from atonic constipation, he first made careful inquiry as to the periodicity of the natural motions, and then went on to ascertain the condition of the colon and the rectum. The colon would generally be found full, and the motions seybalous, clayey, and difficult to eject. If there was a large, dilated, atonic colon, with a big pouchy rectum, more or less full of faecal material, and therefore with its irritability blunted, he did not think that any electrical measures, however energetic, would do much good if applied straight away. One should first secure complete irrigation of the intestine and empty it, for which he found large injections of olive oil most useful, half a pint to a pint at the body temperature being slowly injected by means of a douche with a soft rubber tube long enough to reach well up towards the transverse colon, so as to secure the emulsification of the contents and their dislodgment from the intestinal pouches. When, in earlier days, he attempted electrical treatment without those preliminary measures, the results were neither so good nor so rapid as latterly, with a combination of both. With regard to the various forms of current, he would like to hear the author's,Qpinion of "Morton,wave" currents.
With a static machine working well one had under control, better than with any.other source, the character and frequency of the interruptions; a rapid or a slow wave could be produced at will. He had found that, within limits, the slower the wvave theI be,ttr for,such atonic conditions, whether for atony of the gastro-intestinal tract or for conditions not strictly atonic, such as Bell's paralysis or the finer neuro-muscular lesions. He believed that the slowly interrupted or pulsatory currents, in whatever way generated, were likely to prove the electric agents of greatest value in therapeutics.
Dr. PIRIE said that Dr. Morton had commented on the impossibility of measuring the periodic time of unstriped muscle, and he asked Dr. Morton whether he had ever filled the stomach with bismuth, put a sinusoidal current through it, and watched it by means of X-rays with the screen, to see whether it contracted in any way. The same could be done with the rectum. There was a difficulty in regard to the de Watteville current, in that when applying both faradic and constant electricity at the sameime, one source went through the circuit of the other. The resistance of the coil was less than the resistance of the body, and the constant current went through the coil instead of through the patient. He had found, under such circumstances, that he could get a current of 220 ma. through a patient, but when he took out the coil a much weaker current only could be tolerated.
Dr. G. B. BATTEN said Dr. Morton's parer was a very suggestive one. He had done very little practical work in that way, but he saw many cases of constipation due to atony of muscles. He asked whether the author considered that the large current with slow alternation from the positive to the negative phase was a more potent therapeutic agent than the constant current slowly interrupted, either by such an apparatus as exhibited or any other. He had used a clockwork arrangement which interrupted at1 the rat9.of about twice a second, with a needle-dipping into an electrolyte-an inexpensive method. Or was it better to have a current such as he described a few years ago made from a rectifier-a sinusoidal current, then interruption, and another phase of the same kind? The constant current interrupted would be very much like that if it dipped into a bad conductor; it would be only one-phase, and there would be electrolytic deposits. But if they were used through a fluid condluctor, and, instead of putting electrodes on the back of the body and on the abdomen, they were used in baths, as on the Continent, the difficulty would be got over. He asked whether Dr. Morton had had experience of his apparatus, or similar ones, by baths. In private or hospital practice that method might be very inconvenient, but the conditions could be brought about easily in the patient's house. In regard to the remark that the conditions of constipation began early in life, that was not always so. He knew many families where all the children had the same nurse and were brought up in the same way, yet some had constipation and others were quite healthy. Many children seemed to have disorders of digestion from the first week of life. Later in life one came across terrible cases of constipation, in some of which Metchnikoff's suggested removal of the colon had been carried out, and he had treated such cases before, during, and after operation. Some of them had been cured, others had a return of the atony of the digestive tract, which remained as bad as ever. In one case a lady had suffered from chronic constipation for a very long time. At first the bowel was short-circuited, but her condition was still very bad. Douches were used, but regurgitation took place into the blind end, and he had spent many hours trying to empty the colon. Douches and the slowly interrupted constant current were continued for weeks, but eventually the whole colon had to be removed; nevertheless the small intestine was now affected with the same atony. He asked whether Dr. Morton had had experience of treatment of similar cases after operation. On the other hand he knew of cases in which brilliant results ensued from the operation, the condition having been proof against drugs and any other measures.
Dr. E. S. WORRALL said that for a long time he had looked upon atony of the gastro-intestinal tract as a tiresome and troublesome condition, which gave very little result from the use of faradism or galvanism, and sometimes the combined current. But of late he had been much encouraged in using high frequency currents, and he had employed them in several ways. He believed the use of the glass electrode was of very little value. Many cases had given most satisfactory results when treated by a brush, the current being taken from a large resonator or bipolar coil. Some cases in middle-aged people, whose trouble dated back to school days, cleared up well under that treatment. The treatment was administered about three times a week, the patient being allowed to continue the use of aperients which he had been taking. Gradually he would find he could do with less and less aperients, and in a short time could dispense with them altogether. But the electrical treatment was continued for a little time after that stage was reached. During the last three years he h6d had many such cases, and had been able to ascertain in regard to some of them that the benefit had persisted.
Dr. MORTON, in reply, said that from the beginning of his career as a medical electrician he had been much impressed by the slow pulsating or alternating currents, and he confessed he had not given any great trial to other forms. Possibly that was partly due to prejudice and partly to lack of opportunity for carrying it out. The use of the galvanic current interrupted by hand seemed to him to be a sound method of treatment. He could not find any objection to it except that it was inconvenient, and that, whatever precautions were taken, there was always the consciousness that one might be producing some sort of burn, due to the deposition of electrolytic products. Even in the case of the water-jacketed electrode for use in the rectum, which was enclosed in a vaginal pipe, as mentioned by Dr. Buckley, the precaution was not too great, but where there was nothing but membrane, that membrane, when inflated with water, would not prevent the electrode getting near the mucous membrane and an ulcer might result. That was one reason which made him hesitate to use the galvanic current. Dr. Buckley's method was a modification of the system he used himself. He had nothing to say against massage, and if massage had been in use in a case, he never had it stopped, because the kind of case under discussion was one of the most difficult to cure, and he fully recognized that electricity would not do everything. He thought the current used by Dr. Lewis Jones, i.e., the ordinary sinusoidal current, gradually increasing and decreasing in amplitude, was exceedingly useful for treating degenerated muscle. The only thing which bothered him about that current was that the waves were too fast, although the magnitude was continually altering. He felt that muscle in a state of degeneration could not respond to waves that were going at such frequency. With the large and slow waves time was given for a definite contraction and relaxation of the muscle, and thus there was true electrical exercise. To produce such waves by hand was tedious, and if a machine could be got to do the work it would be a very great saving, and attention could meanwhile be given to other matters. It was a great advantage to have an alternating current for another reason: not only did one reduce the risk of damage from electrolytic action, but a more stimulating action was obtained. A muscle was charged positively, and immediately a current was passed in the opposite direction. There was a more marked result by following a negative current by a positive. In regard to what Dr. Arthur said on the question of pathology, he did not attempt in the paper to present an exhaustive treatise on the pathology of constipation; it would have taken too long to deliver; but he confined his attention to setting out the forms of electrical treatment he had employed. In answer to Mr. Bokenham, he had not had experience with the Morton wave current. He would like to hear evidence of its value. If a wave of that kind were used, it should be a slow wave, not a fast one. He had not performed the experiment mentioned by Dr. Pirie, namely, giving bismuth and testing the periodic time of the muscular coat of the stomach with the assistance of X-rays, and he doubted whether he would find a patient willing to stand it. By the time the latter was in the dark tent, and the high and low tension currents had been arranged and applied, he (or she) would have -had quite enough. The difficulty regarding the de Watteville current which Dr. Pirie mentioned was due to his having connected the coil, battery and patient all in parallel. The coil being of lower resistance than the patient, a large current from the battery passed through it, the patient getting very little. If he rearranged the connections so as to join up coil, battery and patient in series, he would find everything all right.
What Dr. Batten referred to was a modification of what he (Dr. Morton) spoke of, and, as stated before, it was an advantage to have the muscle alternately charged, because electrolytic action was not required and a higher stimulating effect was obtained by reversing. He had not applied the current in baths for atonic conditions of the digestive system; he had always used electrodes. He did not approve of simply laying 'the patient on two electrodes and letting the other rest on the stomach; it was necessary to take the anterior electrode and sink it well into the abdominal wall, as far as the patient would allow. To get the best results the operator must do some work himself. He used one electrode on each side of the lumbar spine about 15 cm. by 9 cm1. was a convenient size. He could quite see that the use of a bath for the pulsating current would be a slight advantage, and would eliminate the chance of damage to the skin; but much current was wasted, and one did not know how much went through the patient. Theoretically, in the ideal electric bath pure distilled water should be selected. It would give such a high resistance that the current would pass by preference through the patient. He had not yet come across those unfortunate individuals who had had their intestines short-circuited, and he did not know how his particular method would answer with them. He had not had experience of high frequency currents in true atony, but he had used high frequency where constipation was an element in a case of neurosis, the latter being so pronounced that he did not give much attention to the abdominal trouble. He put the patient on a condenser couch and used an ordinary metal electrode across the stomach, connecting it with the top of the resonator. He and the patient were both pleased with the result.
